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ABSTRACT

The Sta. Rita Hills AVA is an important area for California pinot noir. To develop a pinot noir
vineyard requires a substantial amount of research to be done before any planting occurs in the
soil. The purpose of this project was to study the facets of planting a vineyard from a fallow field
and then construct a design for the finished vineyard. The site is located on an unused portion of
a ranch property in roughly the middle of the AVA. Climatological data places the potential site
within acceptable parameters for growing pinot noir. The soil on site is Arnold sand of low
fertility, with high probability of nematode presence. Hybrids of rootstock varieties Vitis
berlandieri and Vitis rupestris or hybrids of Vitis champinii will pair well with pinot noir and the
sandy soils on site while providing some nematode resistance. Spatial data and Geographic
Information System (GIS) software were instrumental in creating layered maps of the site
containing soil and zoning information. The GIS images were also used for illustrative layouts of
the vineyard row orientation, irrigation system, and site overviews. With further detailed analysis
of soil and water properties to back the recommendations this design will be a fruitful vineyard
in the future.
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INRODUCTION

Wine is as popular as ever the world over. The industry has been growing year after year
in both customer base and scientific knowledge. As a result of this popularity, wine vineyards
are expanding throughout all possible climates. All of the components of wine come from the
grapes themselves, and all of the components of the grapes result from the vineyard. Matching
the desired grape varietal to the ideal climate requires integration of the soil, water, rootstocks,
trellising, row spacing and row orientation in order to achieve quality fruit. Mismatch any one of
these and the result could be far less than ideal, and potentially a huge waste of resources.
Vineyard establishment is expensive and there are no immediate returns so it is important to
maximize the vineyard potential to justify the financial investment. Careful research is required
for the proposed vineyard site before any planting occurs to assure that the planting can be
justified. Too often in wine growing industry a vineyard is planted in an area that is not ideal
based on a varietals’ current popularity, or a vineyard is established with the wrong trellis system
because that is what neighboring vineyards are using. The results can be unfavorable and huge
costs are incurred to switch to something else that works.
This project will illustrate the layout of a potential vineyard site for a client in Santa
Barbara County’s Santa Rita Hills Appellation. The client lives on approximately 7 acres just off
of highway 246 in between Lompoc and Buellton (Figure 1). Most of the land is in residential
use, but there is a small plot on the south end of the property open for planting. There are several
established and successful vineyards and wineries in the immediate vicinity, potential partners to
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which the client will sell the grapes. Due to its reputation within the appellation, the client’s
desired varietal is Pinot Noir. There will be a climate, soil, and water study to determine the
rootstock suitable for the site, as well as a rough irrigation layout and a row orientation layout. It
is the client’s wish to maximize planting using a vertical shoot position (VSP) trellis system and
dense spacing, yet still leave enough space for tractor operations.
This project is not intended to be the final vineyard plan. Due to financial and time
constraints of the designer, the soil and water analysis has been limited to the general data
already known. Budgeting analysis has been delegated to another party by the client. The
irrigation and row layouts are also general and intended to be used for illustration purposes. The
final recommendations will be based on this general data. It is understood by the client that any
further action on this plan will require additional testing and possible changes to the
recommended actions. Changes to this plan, if any, will be handled by the original designer when
the client decides to move forward with the planting.
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REVIEW OF THE LITERATURE

Climate: Viticulture
Viticulture is possible in every area where the climate is reasonably favorable, wild
grapes grow in nearly every region of the United States, and parts of Canada and Mexico
(Winkler, et al 1974). Grapevines are generally tolerant to most moderate environs and do not
fare well in extremes of hot or cold. Winkler and Amerine developed a system of regional
classification for grape growing climates ranging from I-V (Winkler, et al 1974). These
classifications were based on the idea of heat summation, or the sum of the average monthly
temperature above 50°F, measured as degree-days.
Table 1. Climactic Regions for Grape Growing
Region

# of Degree-days

I

fewer than 2500

II

2501-3000

III

3001-3500

IV

3501-4000

V

more than 4001

Source: Winkler et al 1974.
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Climate: California and the Central Coast/Santa Barbara County
California possesses a prolonged growing season compared to other areas where grapes
are grown (Winkler, et al 1974). The climate is often referred to as Mediterranean due to the
weather similarities to that region (Galet 2000). Every region is represented, with the cooler
regions tending to be near the coast and the warmer regions tending to be more inland. The total
rain tapers down from northern to southern California, as does the risk of frost which also tapers
down from western to eastern. A lifetime spent in California has shown that it is warm to very
hot in the summer and there is very little rain. The timing of rain or clouds in spring or fall can
exacerbate disease or cause poor fruit development and inhibit ripening (Winkler et al 1974).
The Central Coast region, which contains Santa Barbara County at the southernmost end, is
particularly mild. There is a considerable marine influence in the east-west oriented valleys, with
the east being warmer than the west in the summer. Winter is the opposite, with the west warmer
than the east (Haeger 2004). The land is mostly sage and chaparral dotted grassy hillsides and
fertile valleys with many diverse crops (Haeger 2004).
Climate: The Sta. Rita Hills American Viticultural Area (AVA)
The Sta. Rita Hills AVA is 30,720 acres situated in the western central portion of Santa
Barbara County (wineinstitute.org). The boundaries of the AVA encompass the Santa Rita Hills
to the north and south, and just outside of Lompoc to the west and just outside of Buellton to the
east (Haeger 2004). The Santa Ynez river runs through on the south side of the Santa Rita Hills
with Highway 246 on the north side. The Highway 246 corridor, in the central portion of the
AVA, is where the project site is located. The east-west orientation of the valley provides little
obstruction for the afternoon sea breeze after the morning fog recedes (staritahills.com 2012).
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The breeze keeps the temperatures down, and the degree-days, placing most of the AVA in
Winkler’s region I classification (ampeloscellars.com 2013). The site of the proposed vineyard
remains cool throughout the summer, especially when compared to the eastern portion of the
AVA. Personal experience has shown a twenty degree difference between the eastern and
western ends of the AVA to be common in the summer. The site sits roughly in the middle of the
AVA, and is usually more or less in the middle of the temperature difference. According to the
USDA the average daily temperature is 58°F, the average rainfall is fifteen to eighteen inches,
and the number of frost free days is about 260 to 300 (1972).

Soil
The characteristics of the soil must be known and understood in the planning stages of a
new vineyard (Winkler et al 1974, Galet 2000). With proper knowledge of the soil series and
horizon critical decisions can be made regarding rootstocks, irrigation needs, drainage
requirements, fertilization, pH adjustments, and pest control (Winkler et al 1974, Galet 2000).
The soil of the Sta. Rita Hills AVA is known to keep vine vigor and vine yield low, creating
highly flavored berries and wines (staritahills.com 2012). The soil at the site is no different. The
soil where the proposed planting will occur is classified as the Arnold series (USDA 1972). It
consists of well to excessive drained sand on top of soft sandstone. A representative sample
profile shows the sand to be light to very pale brown about 55 inches thick with a very pale
brown, pliable sandstone layer beneath. The soil can be medium to high acid, and is considered
to be of low fertility (USDA 1972). The USDA Soil Survey also states in the Capability Unit
section that water holding capacity is low, from two to five inches, and permeability is fast
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(1972). These conditions result in a low producing soil that will need to be irrigated and
fertilized with a pH adjustment prior to planting to achieve proper vine growth. Galet states that
the color of the soil will play a large role in soil temperature as well as texture (2000). The light
to very pale brown sandy soil of the Arnold series should warm up enough to aid in vine
development. The sum of the seasonal temperatures will help determine the timing of the growth
and dormancy seasons (Wilson 1998).
Table 2. Some Arnold Sand Characteristics
Depth to
Bedrock

Dominant
texture

1.5-5 ft.

Sand/ Soft
sandstone

Permeability

6.3-20 in/hr

Available
Water
Capacity

pH

0.05-0.07
in/in of soil

5.1-6.0

Salinity
(Mmhos/cm
at 25°C)
0-1

Shrinkswell
potential

Corrosivity
of uncoated
steel

Low

Low

Source: USDA Soil Survey of Northern Santa Barbara Area, California 1972

Soil Sampling
The chemical properties of the soil in question must be analyzed to aid in the decision of
rootstocks. Proper knowledge of the chemical content as well as the pH will determine if and
how much pre-plant conditioning will need to take place (Powers 2002). Winkler states that
slightly acidic conditions favor a higher proportion of root hairs which increases water uptake
capabilities of the root (1974). Winkler goes on to say that there has been no indication that
lower root hair presence does not inhibit growth or vine production (1974). This type of analysis
can be done by laboratories specializing in soil testing which can be found in or near agricultural
areas (Powers 2002). Salinity of the soil must also be checked for suitability, high salinity will
result in poor growth (Galet 2000).
6

The biological presence must also be analyzed to further hone the rootstock choice.
Phylloxera, a type of aphid that feeds on roots, and various root feeding nematodes, like the rootknot nematode and the dagger nematode, can destroy a vineyard (Winkler et al 1974, Galet
2000). The site in question may not have a phylloxera problem as they do not survive well in
sandy soils, but nematodes thrive in sandy soils so an assay will be essential for rootstock choice
(Winkler et al 1974).
Water
The availability and quality of the water must be checked prior to planting. In many
cases regulatory agencies must be contacted for permission to draw water from a source
(McCarthy, et al 1992). Water use in the vineyard largely dictates the rate of vegetative growth
and yield (McCarthy, et al 1992). Of particular importance is the salinity of the water to be used
for irrigation. McCarthy, et al credit Prior (1993) for proving that salts dissolved in the rootzone
can inhibit root uptake of water due to an increase in osmotic pressure required for absorption.
Prior also showed that low concentration toxicities may develop from ionic components of salts
that have a worse effect than high osmotic pressure, such as poor shoot growth and yields (1993).
Each varietal exhibits a different response to high salinity. Grafting to tolerant rootstocks can
greatly increase the chances of success if high salinity is present (McCarthy, et al 1992). High or
low salinity water can have negative effects on the permeability of the soil in the vineyard. Low
salinity will dissolve salts in the soil, destroying soil structure, and high salinity will cause
sodium ions to replace calcium and magnesium ions, again destroying structure and also
reducing aeration (McCarthy, et al 1992).
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Rootstocks
Winkler (1974) and Galet (2000) both recognize that the choice of the appropriate
rootstock is a crucial aspect of the vineyard planning process. They agree that rootstock choice
can help to account for soil based problems such as pests, structure, salinity, and more. The value
of rootstock use was not apparent until the European phylloxera epidemic of the nineteenth
century. Entire vineyards were infected by the root pest, an aphid species named Phyylloxera
vastatrix by Prof. J.E. Planchon in 1868 (Pongracz 1983). It was noticed by Laliman in 1872 that
the roots of another species, not native to Europe, survived infestation (Pongracz 1983). Laliman
then suggested grafting experiments between Vitis vinifera varieties and Vitis species native to
North America, such as V. riparia, V. rupestris, and V. berlandieri (Pongracz 1983). Pongracz
goes on to state that after initial difficulties, the grafting experiments proved successful (1983).
Currently the use of rootstocks is beneficial for more than phylloxera resistance. Nematodes can
cause problems in the roots as well (Pongracz 1983). In addition to pest resistance, rootstocks
can be chosen based upon tolerance to soil conditions such as drought and lime (Pongracz 1983).
The characteristics of rootstocks are largely determined by the location of the native vine.
Hybridization of non-viniferous rootstock varieties can produce results superior to
pure bred rootstocks as it is possible to get desirable characteristics from both of the parent vines
(Pongracz 1983). Many hybrids have been developed, with many more to come, designed for
resistance or tolerance to nearly every soil condition or pest. Each hybrid shows different
aptitudes toward grafting, fruiting and vigor (Pongracz 1893). A hybrid example of particular
importance to the scope of this project is called 110 Richter, or 110 R. This rootstock, a cross
between Berlandieri Resseguier no. 2 and Rupestris Martin, is popular the world over due to its
tolerance to a wide variety of soils and drought (Pongracz 1983).
8

Pinot Noir
Pinot noir is an old variety of Vitis vinifera that has been grown in Burgundy for
centuries, maybe even millennia (Haeger 2004). It is said that from pinot noir grapes come some
of the finest wines in France and the world (Haeger 2004; Winkler et al 1974). While its origins
are unclear, DNA analysis by Carole Meredith while she was at UC Davis shows that pinot noir
is one of the parents of chardonnay, gamay, and at least thirteen other varieties along with
gouais, a very rare white variety (Haeger 2004). Pinot noir is also grown in the Champagne and
Loire regions in France as well as the Alsace region of Germany, Switzerland, Italy, and some
Eastern European countries. Outside of Europe, pinot noir is grown in North America, South
America, New Zealand, and Australia, with North America eclipsing Burgundy in plantings
(Haeger 2004).
Pinot noir vines are known to be difficult to grow; Haeger has noted that many New
World growers abandoned it due to the difficulties they encountered (2004). The berry skins are
thin and are easily broken and sunburned, increasing vulnerability to fungal, bacterial or viral
infection (Haeger 2004). The thin skins are also easily damaged during harvest (Haeger 2004).
The clusters are small and can be tightly formed in rough cylindrical shapes that sometimes need
to have wings or shoulders selectively pruned (Haeger 2004; Winkler, et al 1974). Although
adapted to the cool regions I and II, budbreak comes early for pinot noir (Haeger 2004; Winkler
et al 1974). Early budbreak leaves the vine susceptible to spring frosts which can severely
damage or wipeout the upcoming crop. Both Haeger and Winkler et al comment on the low to
moderate vigor of the vine, with Winkler et al saying growers can expect three to four tons per
acre in good conditions (2004; 1974). They also agree that pinot noir is well suited for the
grower intending to produce the wine themselves, often caring for their vineyard on a vine by
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vine basis (Haeger 2004; Winkler et al 1974). It is for these reasons that a ton of quality pinot
noir can fetch a high selling price on the open market. In 2012 the average price paid by a winery
to a grower for a ton of pinot noir was $2688.02 (USDA NASS 2013).
Trellis
Most vineyards employ some sort of trellis system to support the canes, fruit, and
shoots (Galet 2000; Winkler et al 1974). The type of trellis varies widely and is usually adapted
to the region and variety, as well as expected vigor, training and pruning regimes (Winkler et al
1974). The main function of the trellis is to first provide support to the young vines, then later to
the growing shoots as protection from damage for whatever reason (Winkler et al 1974). Winkler
et al also state that the presence of the trellis is a source of consistency to the vine year after year
(1974). For the scope of this project, and due to the characteristics of the chosen varietal, only
vertical trellis systems will be discussed, specifically those designed for vertical shoot
positioning.
Vertical shoot positioning (VSP) is a form of training suited to vertical trellising for
the proposed site and cultivar. Winkler et al state that pinot noir is suited to a vertical double
wire trellis due to the small clusters and low vigor when planted in an area with regular winds,
much like the site in question (1974). They go on to suggest the use of cross arms if the vigor is
high, but currently the practice is to add a third or fourth wire if necessary. The trellis system
consists of a row of support stakes spaced where the vines are to be planted intermingled with
the much taller wire support stakes with large posts anchoring each opposing end. The use of a
vertical trellis system will also ease viticultural practices and tractor operations within the rows.
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Figure 1. Example of a Vertical Trellis System

Fruiting
wire

Wire
support
stake

Shoot
support
wire

Vine
support
stake

Geographic Information Systems (GIS)
As defined by Esri, the company that designs the software, GIS is an integration of data
with software and hardware utilized to collect, control, analyze and compile forms of
geographically referenced information (2013). It is a graphic representation of data, which could
take many forms, displayed on a map or satellite image. In agriculture GIS can be used to show a
grower what soils are present in the field or where the groundwater is. Vineyard managers can
use GIS as a tool to see growth patterns within the vineyard such as vigor or areas of disease.
Detailed GIS maps can show topography, area, and several other forms of data in layers on a
single map, or several maps can be generated highlighting the attributes of one layer (2013). Esri
states that there are five key benefits to using GIS: savings through increased efficiency,
improved decisions, communication improvements, record keeping improvements, and as a way
to manage problems from a geographic point of view (2013).
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MATERIALS AND METHODS

Data Collection Procedure
This project requires that data be collected regarding the physical aspects of the proposed
vineyard site. The climate, soil, water, rootstock, varietal, and trellis system data will need to be
considered in order to make informed decisions about the products and methods for the proposed
vineyard site.
The soil series, (Arnold sand) for this portion of Santa Barbara County was determined
through the U.S. Department of Agriculture soil survey archives. This is the comprehensive soil
survey of Northern Santa Barbara County from 1972 cataloguing and describing all soil series of
the vicinity. The information was gathered from both the print version available in the Cal Poly
library collection and from the USDA website. The graphical data sets for the soils, zoning, and
parcels maps were downloaded from the County of Santa Barbara Geographic Information
System Spatial Catalog. ArcMAP 10.1 GIS software, designed by Esri, was used to make the
maps with the soils, zoning, and parcels data layered on top of a satellite image basemap of the
property and neighboring vicinity. Climate data was gathered online using the CIMIS website
data for Lompoc station #231. The Lompoc weather station NCDC #5064, closest to the
proposed site, was accessed for degree-day calculations using the UC Davis Integrated Pest
Management online degree-day calculator available on the IPM website. The remainder of the
data was gathered through a combination of library and online research.
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RESULTS

Climate
Under the degree-day model the site is categorized as Region I. Table 3 shows the data
from the Lompoc weather station calculated into degree-days.

Table 3. Degree-Days at Lompoc Weather Station NCDC #5064
Month

Average Minimum

Average Maximum

Accumulated

(2012)

Temp. °F

Temp. °F

Degree-Days

April

46.4

70.0

265.45

May

49.6

70.7

581.75

June

52.2

72.6

955.25

July

54.6

74.3

1404.75

August

55.2

75.1

1874.75

September

54.0

76.4

2331.75

Source: UC Davis IPM 2013
The total calculated degree-days equals less than the 2500 Winkler et al determined for
Region I classification. This degree-day total also fits the cool climate adaptations that pinot noir
has evolved with for the Burgundy region (Haeger 2004, Winkler et al 1974). Figure 2 shows the
overview of the property followed by a site overview in figure 3.
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Figure 2. Property Overview
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Figure 3. Proposed Site Overview

Approx. 1.6 acres
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Soil and Rootstock

The sandy nature of the soil will require a specialized rootstock adapted to the unique
attributes of the soil environment. The orange line in Figure 4 shows the boundary of the Arnold
sand that surrounds the site. The entire site is within the boundary, meaning that an assumption
can be made that there are nematodes present without an assay due to their stated affinity for
sandy soils.
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Figu
Figure 4. Arnold Sand Boundary

Therefore the best rootstock for the site needs to be suitable for sandy soils and
demonstrate nematode resistance. A rootstock of low to moderate vigor would complement the
low to moderate vigor of the pinot noir well and keep the vines in balance. Pongracz’s research
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suggests that a hybrid of V. berlandieri and V. rupestris or some V. champinii hybrids could
cover all of those needs (1983). Each hybrid form may be more vigorous than desired but most
of them possess nematode resistance and are adapted to sandy soils of lower fertility (Ponrgacz
1983). It is possible that Ramsey, commonly called Salt Creek, of V. champinii parentage, would
be the best recommendation to achieve most of the ideal characteristics (Vintage Nurseries 2013,
Pongracz 1983). Further soil testing will help to narrow the rootstock selection should the client
pursue planting.

Irrigation
The vineyard will be set up with a drip irrigation system to provide water to the vines
when necessary. There will also be overhead sprinklers placed evenly throughout the vineyard
atop the wire posts to be used as frost abatement. Figure 5 shows a closer view of the proposed
site with an illustration of the tentative irrigation layout.
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Figure 5. Irrigation Layout

Water main
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This layout is for illustrative purposes assuming the water could be tapped into at the
main. The layout could change depending upon the resolution of the water usage situation.
situation This
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tentative layout was chosen due to the proximity of the site to the water main and it is where
water enters the property from the source. Standard drip irrigation materials will be used with the
final dimensions to be determined when the water source is known and pressures are determined.

Row Layout

The vineyard will be planted in one block utilizing as much of the available space as
possible. The rows are aligned in a north/south direction to better capture the sunlight as it passes
over from east to west. This row orientation may require some canopy management during the
growing season to prevent sunburn damage to the clusters (Haeger 2004, Winkler et al 1974). It
may also be necessary for wind protection as the prevailing winds come from the west in the
aftenoon (ampelos 2013). The client wants the rows to be spaced at six feet with the vines
planted at four feet to maximize space with a higher density planting and allow enough space for
mechanized in-row attachments. This should also leave plenty of space for the mechanized
equipment to operate between rows without damage to the trellis or vines. Figure 6 illustrates the
general row layout, without regard to scale, indicating row direction and tractor turnaround
space.
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Figure 6. Row Layout
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There are two eucalyptus trees currently on the site that will be completely removed
before any cultivation and planting. There is also an oak with which it is uncertain what the
client plans to do.
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DISCUSSION

Based on client preference it has been established that the proposed vineyard will be
planted with pinot noir. The particular clonal variety will be determined by the client at a later
date as they are currently researching the characteristics of different pinot noir clones with
potential grape buyers. The client desires the vines to be planted every four feet in rows spaced at
six feet for 1,815 vines per acre. The vines will be head trained vertically, using VSP method, on
a three wire vertical trellis. Drip irrigation will be used, coupled with overhead sprinklers for
frost protection and cover crop irrigation. Irrigation water source is yet to be determined. The
client is a member of a shared well co-operative with nearby properties. The co-operative must
approve water usage; it is possible that the project will not be approved for co-op water use. The
client will then explore well drilling as a potential water source.
Pinot noir should do well if paired with a suitable rootstock given the climate and soil on
site. A hybrid of V. berlandieri and V. rupestris or some V. champinii, both being rather
vigorous, should help to offset the lower vigor of the pinot noir. The need may arise later as the
vines mature to manage the canopy, or possibly divide the canopy vertically, should the vigor
become too high. The fruiting zone will be at thirty inches to utilize heat radiating off of the
vineyard floor and to stay above the frost. The plan is to use head training and cane pruning in
which only the chosen canes will remain.
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This proposed vineyard has only been considered due to persistent inquiries of some
established local winegrowers acquainted with the client. They have pledged support, both
financially and practically, for a yet to be determined percentage of the crop. The client will have
access to equipment (including tractors with cultivation attachments and surplus trellis and
irrigation materials) and labor sources through these relationships, further enhancing interest in
the project. The client will perform much of the day to day labor, bringing in small crews for
certain tasks such as harvesting and pruning. This will also help to keep costs down and help to
give the vines a high degree of personal attention.
This study of the proposed vineyard is to be intended as a road map for the client to help
with the decision making process. It is understood that more analysis will be needed regarding
the soil and water on site to make educated decisions regarding rootstocks. There will be
backhoe pits dug to observe the soil horizon and rooting zone for incompatibility in addition to
detailed soil analysis to determine the soil content and pH. Knowledge of these factors will
determine strategies of soil preparation, cover cropping, erosion control, or if any
amendment/conditioning will be required. Water availability is essential to the entire project as it
is improbable that the vineyard could thrive without some irrigation. When the water source is
determined water analysis will be needed to check for pH, salinity, and mineral content. Proper
water analysis will also clarify assumptions made about the drip irrigation layout and design
including flow rate, filtration needs and pressure requirements. Detailed understanding will
sharpen the focus on the most suitable rootstocks for the site. The recommendations made
regarding rootstocks have been based on the soil characteristics already known and assumptions
based soil pest habitat information. These recommendations are subject to change. It is likely,
however, that some combination of the recommended rootstocks is suitable.
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